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INTRODUCTION

The Army recognizes that the use of night vision goggles (NVGs) for
night flight compromises certain concepts for standard safe operations. NVG

limitations include a reduced visual field (400), decreased visual resolution
(20/50), lack of color discrimination, manual focusing to adjust from far
vision to near and back, increased weight and a forward shift of the center
of gravity. The midair collision between two OH-58 aircraft at Fort Rucker
in December 1981 underscored the limitations of the standard AN/PVS-5 NVG and
stimulated positive corrective actions focusing on air traffic procedures and

*operations, stage field markings, configuration of the standard NVG and its
* attachment to the helmet, and NVG accessory equipment.

As part of the quick-fix efforts to improve NVG flight safety until the
AN/PVS-6 (ANVIS) becomes available, a cutaway faceplate converted from the
standard AN/PVS-5 faceplate was investigated. After relocating the
electrical components, the lower portion of the standard faceplate is cut
away to enable (a) unaided vision for the lateral and lower viewing fields
(Appendix A), allowing color discrimination of aircraft and ground lights and
map reading, (b) spectacle wear, (c) reduced lens fogging, and (d) improved
comfort. The modified faceplate (MFP) is compatible with the proposed stand-
ard counterbalance system, which can provide optimum stability.

The NVG faceplates used in this study were obtained from property dis-
posal. Faceplates that were damaged in the lower portion, but were otherwise
functional, were modifed at the US Army Aeromedical Research Laboratory
(USAARL). With practice, proper tools, and templates, the MFP modifications
required about .5 manhours each. The side and vertical straps were made at
the fabric shop by the Directorate of Industrial Operations (DIO).

In order to rapidly provide data on the feasibility of the MFP, a pre-
liminary field study was conducted and expanded. The purpose of the study
was to determine if the MFP offers safety and flight performance advantages
over the standard faceplate. Questionnaire techniques were used to determine
experienced NVG pilots' ratings and observations of the advantages and short-
comings of the MFP. The study involved in-flight evaluations by NVG qualified
pilots during routine training.

A summary of significant chronological events involved in the study is
provided in Appendix B. At the time the study was concluded, results had
been collected using four types of helicopters, 47 NVG qualified aviators, 20
individual MFP NVG, and included more than 850 hours of MFP use.
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DESCRIPTION OF FACEPLATE MODIFICATIONS

RECONFIGURING THE FACEPLATE

Figure 1 shows the AN/PVS-5 NVG with the standard faceplate. In select-
ing a cutaway configuration, several modified versions of the standard face-
plate were considered with respect to peripheral vision, battery case and
switch location, structural and electrical integrity, mounting attachments
and stability. The sequence followed during reconfiguration is shown in ab-
breviated fashion in Figures 2-4. Figure 4 shows the faceplate design used
in the initial feasibility study. The complete sequence followed in modify-
ing the faceplates is described and illustrated in Appendix C.

The rotary switch was moved from the lower left to the upper center por-
tion of the plate where the V-strap was located. The battery case was moved
from the lower right to the upper right portion of the plate, with the battery
case attachment flange on the outside. The location and alignment of the bat-
tery case are critical for visor cover and tube clearance. The lower portion
of the faceplate was removed and shaped as shown in Figure 3, and the cut
edges were smoothed. The clamp tilt knob holes were enlarged to increase
tube rearward movement. Wires were reconnected, tucked, glued, and taped.
Upper and side straps were attached to the remaining face pad snaps. The
arctic battery adapter was attached to improve battery changing ability.

The binocular assembly of the NVG was attached to the cutaway faceplate
for subsequent mounting to the helmet.

MOUNTING FACEPLATE TO HELMET

Figure 5 depicts the MFP NVG mounted to the helmet. The upper rear lip
of the faceplate is placed between the visor cover and shell, and the vertical
straps are attached to the existing Velcro pads. The short side straps are
connected to the snaps of the surgical tubing, and the tension of the surgical
tubing is adjusted to produce a secure attachment. A counterweight is usually
required on the back of the helmet to prevent forward rotation of the goggles.
An arctic adapter cord is attached with tape or Velcro to the back of the
helmet.

For hel'qets that have not been modified with surgical tubing, the existing
side straps can be attached to the modified faceplate side straps (Figure 6).
However, the quick release tabs should be forward and a helmet snap added on
each side in the rearward position. Difference between the MFP NVG mounted to
the helmet with the standard side straps and the standard AN/PVS-5 NVG mounted

4 to the helmet can be seen by comparing Figures 6 and 7.
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EVALUATION PROCEDURES

The MFP NVG evaluation was conducted in three steps. The initial evalua-
tion was by MOI NVG instructor pilots at Lowe Field, Fort Rucker, with UH-1
aircraft. The second evaluation was by NVG instructor pilots at Hanchey Field,
Fort Rucker, with OH-58 aircraft; and the third phase was.conducted by NVG
qualified aviators in the Directorate of Evaluation and Standardization (DES)
with UH-1, OH-58, AH-1, and UH-60 aircraft. As improvements in the goggle de-
sign, mounting/dismounting procedures, briefing and flight familiarization
contents were identified, they were incorporated into the evaluation. The par-
ticipants were briefed about the project, mounting and dismounting procedures,
helmet modifications and proper NVG adjustment (Appendix D), and they were
provided with questionnaires (Appendix E). Initially, the questionnaires were
completed each night during the first 20 hours of use of the MFP. Additional
questionnaires were completed as requested. An electrical or mechanical NVG
failure was to be reported immediately. As personnel changed during the
evaluation, new instructor pilots were briefed by the unit and included in
the study.

The instructor pilots used the questionnaires to subjectively evaluate
various parameters and to give an overall opinion of the MFP NVG. Opinion
ratings were numerical:

1 - superior to standard NVG
2 - slightly better than standard NVG
3 - equal or same as standard NVG
4 - slightly worse than standard NVG
5 - inferior to standard NVG

Subjects used the questionnaire to list perceived advantages and disad-
vantages, to recommend modifications, to give suggestions, to evaluate the
time it took to become comfortable with the MFP NVG, and to evaluate the
visual perceptual problems.

RESULTS

UH-1 STUDY (LOWE)

On the first night of use, 22 June 1982, three out of seven MFP NVGs had
electrical failures (two on the ground and one in flight). The problem was
identified as a poor electrical ground connection through a screw to the bat-
tery case. All seven MFP NVGs were taken back to USAARL and the ground contact
changed. The metal ground tab was bent in a 900 angle and positioned against
the battery case flange.

The following results have been obtained with the 13 participating UH-1
instructor pilots during a three month period:

14



1. The average prior NVG experience per instructor pilot was 227 hours;
range, 10 to 600 hours.

2. The average number of flight hours per instructor pilot with the MFP
was 25; range, 3 to 50.

3. On initial use with the electrically corrected MFP NVG, the average
overall opinion score was 2.2, with a range from 1 to 4. On the last recorded
flight the overall opinion score was 1.17, with a range of 1 to 2. In a word,
all 13 instructor pilots preferred the MFP to the standard NVG after initial
adjustments.

4. Median time to adapt to the MFP goggles was 15 minutes; range 1 to 150
minutes. All 13 instructor pilots adapted within the initial night of MFP
flight.

5. Average flight time for the seven MFP goggles was 46.7 hours; range
20 to 71 hours.

6. The greatest reported difficulty with the MFP was mounting and dis-
mounting. This problem decreased with experience and the addition of quick
release tabs.

Some of the advantages and disadvantages identified by questionnaire for
the MFP NYG are listed below. The number in parentheses indicates the number
of UH-1 instructor pilots reporting this as an advanage or disadvantage.

Advantage Disadvantages

Better aircraft detection (5) Harder to mount and dismount (7)

Increased peripheral vision (9) Difficulty switching batteries (3)

Look-under capability for maps, Front V-strap too short (1)
radios, and instruments (10)

Less weight (3) Side straps difficult to adjust (2)

Can wear glasses with the NVG (3) Not as stable (2)

Reduced fogging (8) Rotary switch difficult to operate (2)

More comfortable/less fatiguing (8) Counterbalance required (1)

Peripheral vision distracting initially (2)

15
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OH-58 STUDY (HANCHEY)

The following results have been obtained with the 14 participating OH-58
instructor pilots during a 2 month period:

1. The average NVG experience per instructor pilot was 276 hours; range,
60 to 600 hours.

2. The average number of flight hours per instructor pilot with the MFP
was 29.1; range, 3.0 to 60.

3. On initial use of the MFP NVG, the average overall opinion score was
3.0, with a range of 1 to 5. A value of 3 indicates that the MFP is rated equal

, to the standard NVG while a value greater than 3 indicates that the MFP is rated
lower than the standard NVG. On the last recorded flight the overall opinion
score averaged 2.14. Nine instructor pilots preferred the MFP, two rated the
MFP equal to the standard, and three preferred the standard NVG. These data
include the scores of three participants who requested not to participate after
their initial flight and rated the MFP a 5.

4. Median time to adapt to the MFP goggles was 38 minutes; three instruc-
tor pilots reported that they could not adapt to the MFP NVG.

5. Average flight time for the seven MFP goggles was 65 hours; range 40
to 90 hours.

6. The greatest reported difficulty with the MFP was mounting and dis-
mounting.

Some of the advantages and disadvantages identified by the first nine
: participants for the MFP NVG are listed below. The number in parentheses in-

dicates the number of OH-58 instructor pilots reporting this as an advantage
or disadvantage. (The last five participants reported only initial and final
rating and total time on MFP.)

Advantage Disadvantage

Increased peripheral vision (4) Mount and dismount (7)

More comfortable/less fatiguing (3) Difficulty switching batteries (5)

Less weight (2) Tubes too far away (4)

Can wear glasses with the NVG (1) Alignment of goggles (4)

Better aircraft detection (1) No safety strap (2)

Rotary switch difficult to operate (2)

Eye discomfort (2)

16
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Peripheral vision distracting (2)

Increased weight forward (1)

V-straps too short (1)
fr.

DIRECTORATE OF EVALUATION AND STANDARDIZATION (DES) STUDY

Before the MFP NVG could be recommended for worldwide use, a larger
sample of aviator opinions, various aircraft and flight profiles including
weapons fire was desirable. Five pairs of MFP NVG were issued to DES. Two
previous studies identified improvements in goggle design and in the briefing.
These improvements were incorporated into this evaluation.

The following abbreviated results were obtained with 20 participants fly-
ing in UH-1, OH-58, AH-1, and UH-60 aircraft over a two-month period.

1. The average number of flight hours per aviator with the MFP was 6.9;
range 1.0 to 25.0, median 3.5.

2. On initial use of the MFP NVG, the average overall opinion score was
1.20, with a range of 1 to 2. All 20 NVG qualified aviators preferred the MFP
NVG over the standard NVG.

3. Median time to adapt to the MFP goggles was 15 minutes.

4. The greatest reported difficulty with the MFP was mounting and dis-
mounting.

Some of the advantages of the MFP not listed in the previous studies
were (1) no need to focus with blue cockpit lights, (2) superior operations
with weapons fire, and (3) ability to see copilot (UH-1, OH-58, UH-60). A
disadvantage reported was difficulty in using daylight filters.

SUMMARY RESULTS OF THE THREE STUDIES

1. A total of 47 NVG qualified aviators participated in the study using
20 individual MFP NVG in UH-1, OH-58, AH-1, and UH-60 aircraft.

2. Average number of hours per participant was 18, range 1 to 60.

3. Total sum of recorded flight hours with MFP NVG as of 1 October 1982
was 871 hours, 43.5 hours average per goggle, range 12 to 90 hours.

4. In two incidents the center terminal wire to the battery case broke
at the contact point after approximately 15 hours and 30 hours of use,L

respectively. These wires were reconnected and secured to minimize possible
recurrence of the breakage. Also, one V-strap snap pulled out after 3.7 hours.

17
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5. The average final overall opinion rating of the MFP NVG for all 47
participants was 1.46 on a 1 to 5 scale where 1 is the highest rating. Forty-
two rated the MFP higher, 2 the same, and 3 lower.

6. For the 27 participants with five or more hours of use with the MFP
NVG, the overall opinion rating was 1.15, where 25 preferred the MFP, 2 rated

* the MFP equal to the standard goggle, and none preferred the standard goggle.

7. Median time to adjust to the MFP NVG was estimated at less than 30
minutes. However, three instructor pilots reported they could not adapt to
the MFP NVG.

8. Most frequent listed advantages of the MFP NVG over the standard NVG:

a. Increased peripheral vision

b. Look-under capability for maps, radios, and instruments

c. More comfortable and less fatiguing

d. Reduced lens fogging

e. Better aircraft detection

f. Ability to judge color of lights and distance with unaided vision

g. Ability to wear glasses with NVG

9. Most frequent or significant listed disadvantages of the MFP NVG:

a. Difficult to mount and dismount

b. Difficult to use day filters

c. Difficult to switch batteries

d. Counterbalance usually required for goggle stability

e. Eye pieces further away than standard NVG

18



DISCUSSION

It is difficult to understand why the initial overall opinion of the MFP
was so different between the UH-1 (Lowe Field) and DES aviators, on the one
hand, and the OH-58 (Hanchey Field) aviators, on the other hand. The follow-
ing possible reasons are speculative but should be considered.

1. The OH-58 instructor pilots at Hanchey may have felt that acceptance
of the MFP NVG would affect the introduction or priority of issue of ANVIS,
although they were briefed to the contrary.

2. The flight commanders at Lowe and DES liked the MFP goggles, while
the flight commanders at Hanchey stated they were not impressed with the MFP
goggles.

3. The instructor pilots at Lowe had the MFP goggles longer than the
Hanchey instructor pilots both before and during flight evaluations. Some
of the Hanchey instructor pilots had not made the necessary helmet modifications.

4. The students in the MOI NVG courst at Lowe are hightime pilots whereas
the students at Hanchey are lowtime pilots. Getting used to a new system and
teaching new pilots at the same time may be too demanding.

5. The Lowe instructor pilots had a chance to use the simulator with the
MFP goggles before flight evaluations. The Hanchey instructor pilo., did not.
The present standards for current NVG pilots to qualify with ANVIS NVG are 10 r
hours of academic instruction and at least 1 hour of familiarization flight.
The briefing covering the MFP NVG and evaluation procedures was approximately
30 minutes and a familiarization flight was recommended but not required or
utilized by Lowe or Hanchey. However, a familiarization flight was required
in the DES study.

Most of the disadvantages of the MFP NVG listed by the instructor
pilots have been corrected or improved.

DISADVANTAGES

Following is a discussion of specific disadvantages listed by the pilots
on the questionnaire. The actions taken to correct or improve the complaint
are discussed.

Mounting i

The major problem with mounting the MFP goggles is with connecting the
snaps on the MFP side straps to the standard NVG side straps or the surgical
tubing snaps. The short MFP side straps eliminate the side stress encountered
if snaps are attached directly to the rear side of the MFP, but they increase

19

.



the attachment difficulty. When snaps were attached directly to the side of
* an earlier MFP, cracks developed around the snap where the surrounding support
* was weakened by the cutaway process. Fiberglass around the side snap to

reinforce the MFP (1 pair) and allow direct side snap attachment increased the
MFP thickness around and above the side snap. This reinforcement increased
the difficulty in mounting between the helmet shell and visor cover, and the
quick release tabs blocked part of the side cutout portion of the MFP. The
snap on the MFP side strap is positioned behind the faceplate, and the tension
on the surgical tubing is usually not adequate unless the tubing is adjusted.
With practice, all NVG pilots found mounting the goggles less difficult. The
briefing for initial users of the MFP will require the user to mount and dis-
mount the goggles 10 times.

If the standard side straps are used, snaps on the helmet should be in
the rearward position to aid in adjusting the tension. Also, the metal quick
release tabs should be attached to the MFP side straps to move the excess

* adjusting strap from blocking the side vision.

Dismounting

*If the upper V-straps are removed first on the MFP goggles, the eye pieces
will hit the wearer in the face. The participants were briefed and warned of
this problem, but this event occurred frequently on initial use. The replacement
V-straps on the MFP were made too short for proper attachment and removal from
the Velcro pads on the helmet visor cover. To correct this problem, the V-straps
and Velcro were lengthened to accommodate variations in the location of the
visor Velcro pads. Quick release tabs are being added to the surgical tubing
snaps to improve speed and ease of disconnecting the goggles.

Battery Container (Arctic Adapter) Inconvenient

If the arctic adapter is not used with the MFP NVG, the battery would be
very difficult to change in flight. Placing the battery container of the arctic

* adapter on the back of the helmet with a Velcro loop instead of tape used in the
initial evaluation would allow easy attachment, detachment, and battery exchange.
Also, a sudden battery failure with the standard NVG could be disasterous,

*whereas the MFP allows unaided vision until the battery is changed. When the
* double battery pack becomes available, battery failure in flight will not pose

a serious safety hazard.

Tubes Too Far Away

* Rearward movement of the binocular assembly is limited by the placement of
the rotary switch. Substituting a different switch would not be expedient and
would defeat the timely fielding of a MFP NVG. Variations in the anatomical
location of the eyes and of helmet fit and size can result in less than a full
field of view through the goggles for a few individuals. Minimal field reduc-
tions can be compensated for with experience, but beyond a certain range, greater

20



distance between the eyes and eyepieces can produce optical distortion as well
* as field loss for which experience cannot compensate. For the few aviators ex-

periencing difficulty with excessive eye relief with the MFP NVG, standard NVG
should be available.

Alignment of Goggles

Since the MFP NVG are mounted to the helmet, lateral alignment of the
goggles for each individual depends on the V-strap and side strap attachments.
The method of changing lateral positioning of the goggles will be included and
stressed in the initial briefing. Vertical alignment can be achieved with the
tilt knob or slight helmet rotation.

No Safety Cord

The first prototype MFP NVG had safety cords, but they proved to be more
K: of a nuisance by tangling with the straps, communications and arctic adapter

cords, detaching counterweights and dual battery packs. A cloth NVG bag as
installed on some AH-1 Cobras would provide safe storage of the goggles when
they are not in use in the aircraft. By placing a Velcro pad on the top of r
the helmet the goggles can be stored and secured on the visor cover during
flight when not in use. Safety cords can be added at the discretion of the
individual flight commanders.

* IR Switch (AN/PVS-5 and 5A) Difficult To Use

The occasional difficulty in operating the top-mounted rotary switch de-
creased with experience. Instead of using the goggle-mounted IR source, usin;
IR or blue pen lights/flashlights for inside-the-cockpit viewing could elimi-
nate the need to use the rotary switch. Such an alternate illumination source
might also offer greater versatility with less signature.

Eye Discomfort

With the eyepiece of the MFP NVG located slightly further from the eyes
than the standard NVG, interpupillary alignment and focusing are more critical,
and, when incorrectly adjusted, could cause eye discomfort. Also discomfort
can be caused with greater eye movement excursions and sudden luminance dif-
ferences when looking from the goggle image to the unaided peripheral fields.
Improved focusing and interpupillary adjustment techniques will be included in
MFP NVG orientation briefings and NVG academics. Increased use of the MFP NVG
should reduce eye discomfort from eye excursion and luminance changes.
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Peripheral Vision Distractions
Receiving visual information from both the NVG and unaided vision could be

initially confusing but should be quickly and easily learned to maximize per-
formance. The MFP NVG will prepare the aviator to effectively use his aided and
unaided vision when the AN/PVS-6 ANVIS is available.

Increased Weight Forward

The MFP NVG are approximately 4 oz. lighter than the standard NVG. How-
ever, since the MFP NVG are mounted between the helmet shell and visor cover,
and there is no face pad support, the helmet may have a greater tendency to
rotate forward if the helmet is not properly adjusted or a counterbalance is
not utilized. Proper helmet adjustment and stability should be evaluated and
corrected before flight with the MFP NVG.

V-Strap Too Short

The V-straps have been lengthened by 1 " with a 1" increase in the Velcro
area to accommodate variations in the location of the Velcro pads on the visor
cover.

ADVANTAGES

Most of the listed advantages of the MFP compared to the standard faceplate
are self explanatory. The significance of the larger field of view with the MFP
NVG (Figure 6) can be appreciated by considering the limitations of the 400
field of view with the standard AN/PVS-5 NVG (Figure 7). Proper scanning tech-
niques used by NVG pilots can be described as one second fixations separated by
horizontal head movements of approximately 300. To scan 2700 around the air-
craft with standard NVG (excluding head movement time) would require 9 seconds,
and would include only 200 above and 200 below the horizon. Typically, the
aviator spends most of his time looking in the direction of the intended flight
path, at ground features and hazards, and aircraft instruments. With standard
NVGs, this means a very large portion of the available visual field around the
aircraft is seldom viewed adequately or frequently enough to avoid a collision
threat. The peripheral vision along with sideward and downward viewing capa-
bilities afforded by the MFP greatly enhance the NVG aviator's ability to scan
his environment.

During the study, four instructor pilots reported avoiding a possible mid-
air situation by detecting an intruding aircraft with their unaided peripheral
vision while wearing the MFP NVG. One of these incidents was verified by the
investigator, who was riding as a passenger. A description of this incident
follows: At a stage field with four parallel runways, NVG training was being
conducted in OH-58 aircraft. At approximately 2 hours into the training period,
two aircraft on adjacent runways requested permission to take off at about the
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